Protein and nucleic acid studies have begun to provide measures of the degree of genetic relatedness among bacterial species. Problems of bacterial evolution and classification can thus be approached in an increasingly quantitative way. One very useful technique is microcomplement fixation, because it can simply and economically provide an approximate measure of sequence resemblance between related proteins (17, 18) . This technique has been used recently by several authors to study enzyme evolution in bacteria and problems of bacterial classification (5, 7, 9, 10, 22, 25, 26) . We report the application of this technique to the study of phosphatase resemblances among strains in the genus Klebsiella.
Bacteria of this genus are of considerable importance to man. Some strains may be pathogens involved in human disease (12) , whereas others may be nitrogen-fixing symbionts in such diverse niches as leaf nodules and the human intestine (4, 11, 16, 20) . The genetics and metabolism of these bacteria are also of current interest (13, 19, 23) . Classification of these organisms has been rather difficult, however, and there has been much confusion regarding the relationship between Klebsiella and Enterobacter aerogenes (often referred to as Aerobacter aerogenes). For a recent discussion of these classification problems, see Bascomb et al. (3) .
By immunologically comparing their alkaline phosphatases we have verified that Enterobacter aerogenes has a great deal of genetic resemblance to Klebsiella. Some strains of E. aerogenes are identical by our test with some Klebsiella strains.
MATERIALS AND METHODS
Strains of bacteria. The strains of bacteria and the sources from which we obtained them are given in Table 1 . The techniques used for studying their alkaline phosphatases were essentially the same as those described by Cocks and Wilson (6) , except as noted below.
Alkaline phosphatase purification. We have devised a simplified method of purifying alkaline phosphatase on a small scale for immunization purposes. To extract the alkaline phosphatase, whole cells of Enterobacter aerogenes ATCC 13048 and Klebsiella pneumoniae M5A1 were heated at 85 C for 15 min in a 0.1 M tris(hydroxymethyl)aminomethane (Tris)-hydrochloride buffer (pH 7) containing 2% phenoxyethanol and 0.01 M MgCl2 (6) . The extract was clarified by centrifugation and dialyzed against 0.01 M Tris-hydrochloride, 0.001 M MgCl2 (pH 7). The alkaline phosphatase was concentrated by collecting the precipitate formed between 60 and 80% saturation with ammonium sulfate. The precipitate was dissolved and desalted by either dialysis or passage over a column of Sephadex G-15 equilibrated with 1% ammonium bicarbonate. When the alkaline phosphatase was desalted by passage over Sephadex it was lyophilized and dissolved in 0.25 M sucrose. Dialyzed preparations were made 10% in sucrose. The phosphatase was further purified by electrophoresis on acrylamide gels in a Tris-glycine buffer (pH 8.7). Acrylamide gel electrophoresis was done as described by Bakay and Nyhan (2) except that no large-pore stacking gel was used and the electrophoresis was used preparatively rather than analytically.
The enzyme was located by Torriani's procedure (24), i.e., by exposing the gel for a few seconds to a solution containing p-nitrophenyl phosphate (15 mg/ml) and Tris-hydrochloride (1 M, pH 8.2). The yellow band containing phosphatase activity was immediately cut out and the enzyme was eluted by stirring overnight at 10 C in isotris buffer (17) . Immunological tests described below showed that the eluted enzyme was pure. This finding was not unexpected as the yellow band corresponded exactly in position to one of the major protein bands detectable with amido black.
Production of antibodies to line phosphatases. Antisera were prepared against the alkaline phosphatases of four strains of bacteria: Escherichia coli K-12 (C90-F1), Klebsiella aerogenes 1033, Klebsiella pneumoniae M5A1, and Enterobacter aerogenes ATCC 13048. The first two antisera are described by Cocks and Wilson (6) and were used in their micro-complement fixation studies of bacterial alkaline phosphatases.
To produce the 13048 and M5A1 antisera, we used a method similar to that described for production of the antisera to 1033 phosphatase. Briefly, pure enzyme solutions were emulsified with Freund's complete adjuvant and injected into four intradermal sites on the backs of male New Zealand White rabbits. Rabbits numbered 514, 515, 516, and 517 received alkaline phosphatase from M5A1 and rabbits numbered 537, 539, 541, and 748 received alkaline phosphatase from strain 13048. In addition, rabbit 542 was injected with dialyzed crude extract from strain M5A1. Five weeks after the initial injection, the rabbits received two injections delivered 2 days apart by way of the ear vein. One week after the last injection serum was collected from each rabbit, heated at 60 C for 15 min to inactivate rabbit complement, clarified by centrifugation, and stored at -10 C.
Prager and Wilson (17) emphasized the importance of using antisera from rabbits immunized for several months. Cocks and Wilson (6) found that rabbits immunized against alkaline phosphatase from strains 1033 and E. coli K-12 produced antisera whose specificity became constant 10 to 15 weeks after the initial injection. Unfortunately, it was not feasible in the present study to use an immunization period longer than 6 weeks for the phosphatases of strains M5A1 and 13048.
Purity of the immune system. The purity of the phosphatase-anti-phosphatase systems was demonstrated in two ways. First, a single precipitin arc appeared when the purified phosphatases were tested by immunoelectrophoresis with antisera against a crude extract of M5A1. The arc became intensely stained when subjected to the Gomori test for phosphatase activity (6) . When crude extracts were tested with this antiserum, multiple arcs ap- A third cluster of strains was revealed with the use of antiserum to 13048 phosphatase. This antiserum distinguished 13048 phosphatase from all but one of the other phosphatases tested. A few strains (L-3, Griffiths, and rubiacearum) fell into none of the above three clusters.
Most of the phosphatase differences detected by the micro-complement fixation (Table 2) were not detectable by electrophoresis or the Ouchterlony double-diffusion technique. The insensitivity of the latter technique to small differences in protein structure has been demonstrated before (5, 18) .
DISCUSSION
Phosphatase resemblance and genome relatedness. We suggest that the phosphatase cross-reactions are indicative of the relatedness of the genomes of strains hitherto assigned to the genera Aerobacter, Enterobacter, and Klebsiella. This suggestion arises from the following considerations.
First, Prager and Wilson (17) have shown for lysozyme that immunological cross-reactivity depends upon degree of amino acid sequence resemblance. The equation relating immunological distance (y) to percentage difference in amino acid sequence (x) is y 5x. A similar relationship probably holds for other proteins as well (18) . For alkaline phosphatase, we cannot be sure whether this is true, but indirect evidence for a correlation between crossreactivity and sequence resemblance comes from studies with point mutants (5) and from the results of reciprocal tests. If micro-complement fixation provided an exact measure of sequence resemblance, the immunological distance between the phosphatases of species A and B should be the same whether measured with anti-A sera or anti-B sera. The results of reciprocal tests conducted with the four antisera under study are presented in Table 3 . The percentage deviation from reciprocity is appreciable but no greater than that found for lysozyme (17) . It is likely, therefore, that the strength of the correlation between sequence resemblance and immunological resemblance observed for lysozyme may be comparable for alkaline phosphatase. (6) and others (e.g., 3), Enterobacter liquefaciens, for example, has very little relatedness to Enterobacter aerogenes and in fact appears, like Serratia, to be more distantly related to Klebsiella than is Escherichia coli (6) .
Those strains which fell into cluster I appear to have a high degree of phosphatase resemblance to each other, comparable to that found among strains of E. coli (6, 26) . Tentatively, those strains within cluster I should be regarded as constituting a species. As this cluster contains suggested neotypes of both K. pneumoniae and E. aerogenes it is difficult to know how this proposed species should be named. Cluster II would seem to constitute another species and contains a number of strains called K. pneumoniae in the biochemical literature (15, 16, 23) . The third cluster which so far contains only strains 13048 and Fort Baker should be called Klebsiellk mobilis, following the recommendation of Bascomb et al. (3) .
By our test, three strains (L-3, Griffiths, and rubiacearum) fell into none of the above clusters. As these strains are about as different from clusters I, II, and III as I, II, and III are from each other, they ought to be retained in the genus Klebsiella. In order to classify them to the species level, micro-complement fixation would need to be done with antisera prepared against phosphatase purified from several of these strains. In the meantime, they can be tentatively regarded as distinctive species. It is noteworthy that K. rubiacearum is one of these distinctive species, because its ecological niche, that of a nitrogen-fixing symbiont in leaf nodules, is also distinctive (20) .
